Entrez-PubMed 



wysiwyg://83/http://www.ncbi.nlm.nih.go. ..PubMed&list_uids= 1 053 3 679&dopt=Abs 



% NCBI 



PubMed 



Publfejed 



Nationaij 
Library I 
of Medicine I 



Nucleotide Protein Genome Structure PMC Taxonomy OMIM Books 



Search PubMed p] for 



Limits Preview/Index History Clipboard Details 




Display Abstract It Show: 20 U 



Entrez 
PubMed 



□ 1: Exp Lung Res. 1999 Sep;25(6):543-59. 



Related Articles, Links 



Tyloxapol confers durable protection against hyperoxic lung injury 
in the rat. 
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Division of Respiratory and Critical Care Medicine, Duke University Medical 
Center, Durham, North Carolina, USA. 

We tested the hypothesis that the nonlipid components of Exosurf, tyloxapol (TY), 
and cetyl alcohol (CA), protect against hyperoxic lung injury by induction of the 
animals' endogenous antioxidant defenses. Adult rats were intratracheally instilled 
with escalating doses of TY and CA (n = 20) or TY alone (n = 32) and immediately 
exposed to 100% oxygen. Intratracheal instillation of TY alone or in combination 
with CA protected against lethal hyperoxic injury in the rat in a dose-dependent 
fashion. To assess the effects of timing, rats were instilled with TY plus CA 24 
hours before (n = 6) and 24 hours after (n = 6) exposure to 100% oxygen, with time 
to death determined. Rats were also instilled with TY alone at 0 hour (n = 6), 48 
hours (n = 3), 96 hours (n = 3), and 186 hours (n = 4) prior to exposure to 100% 
oxygen. Lungs were assayed for superoxide dismutase, glutathione peroxidase, and 
catalase activities. Finally, the pharmacokinetics of TY in the rat lung were 
determined by instilling radiolabeled TY intratracheally. TY has a prolonged 
half-life in the rat lung, and protection against lethal hyperoxic injury was achieved 
by a single intratracheal dose delivered up to 186 hours prior to injury. Antioxidant 
enzymes were not induced in protected animals. We conclude that TY provides 
durable protection against hyperoxic lung injury without induction of antioxidant 
enzymes. It is present in the lung for sufficient duration to invoke a direct 
mechanism of protection, possibly as a radical scavenger. These findings raise the 
prospect of a therapeutic application for TY as prophylaxis in patients at risk for 
oxygen toxicity and adult respiratory distress syndrome. 
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[Many persons with snoring problems and apnea are untreated. A 
review of therapeutic methods] 

[Article in Swedish] 
Hultcrantz £. 

Halskliniken, Akademiska sjukhuset, Uppsala, elisabeth.hultcrantz@orl.uu.se 

As sleep apnoea and snoring are very disabling conditions both for patients and 
their families, and hazardous for drivers and others in traffic, there is good reason 
to treat snoring problems. Treatment should be individualised, always beginning 
conservatively-i.e., positional training, weight reduction if necessary, more sleep if 
sleep deficiency is present, and a review of any muscle-relaxant or mucolytic 
medication. Sleep registration will demonstrate the extent of any sleep apnoea 
syndrome, which is of decisive importance for further choice of treatment. Mild 
apnoics and social snorers may initially be offered an occlusal splint if their dental 
status allows. Otherwise, in such cases surgery is a form of treatment yielding 
immediate results, though the patient must be forewarned of the discomfort which 
can occur in isolated cases. For patients with sleep apnoea syndrome of marked or 
intermediate severity, continuous positive airway pressure (CPAP) treatment 
should be available. If the patient can not tolerate CPAP treatment, the occlusal 
splint alternative can be tried. For patients who can not have CPAP or occlusal 
splint treatment, tracheostomy is a possibility. This treatment may be lifelong, but 
if weight reduction is achieved postoperatively, it may be possible to remove the 
tracheostomy. 
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Obstructive sleep apnoea (OSA) and central sleep apnoea have been 
identified and described in adults, children, and infants.— It is not 
certain, however, if the adult sleep apnoea syndromes, particularly 
OSA, originate from childhood or whether paediatric and adult sleep 
apnoea are separate syndromes. Some investigators have suggested 
that the pathophysiology, criteria for diagnosis, and the management 
of paediatric patients with OSA are different from that for adults.— 

Other investigators have found that risk factors, clinical symptoms, and the consequences of OSA share 
common features between adults, children and infants. ^-t- We propose that the adult sleep apnoea 
syndrome is related to sleep apnoea in children, and that adult patients with sleep apnoea have been 
predisposed to developing apnoea since early infancy. The differences in OSA in patient populations of 
different age groups may represent different stages in the development of the adult form of OSA. This 
review will discuss the similarities and differences between adult, childhood and infant sleep apnoea, 
particularly OSA. The risk factors, potential mechanisms, and familial factors of OSA will be presented 
to ascertain the possible genesis of adult sleep apnoea during childhood. 



► The sleep apnoea syndromes 
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The OSA syndrome in adults was identified more than 30 years ago,— 
has been described extensively in adults, and is believed to be caused 
by collapse of the oropharyngeal airway.- It is not certain whether 
adult patients had OSA as infants or children; however, the diagnosis 
of OSA in adults often occurs several years after the onset of 
symptoms, sometimes starting during adolescence. Obstructive apnoea 
is associated with repetitive episodes of hypoxaemia, sleep fragmentation, and cardiovascular and 
neurobehavioural sequelae (fig 1).^^ Several risk factors have been identified that predispose an 
individual to developing OSA including obesity, age, sex, upper airway structural abnormalities, and a 
family history of OSA.— 1 ^ 
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Figure 1 Polygraphic example of repetitive obstructive apnoea. 
EEG C3/A2 and EEG Q9/A1 = central and occipital 

electroencephalogram, respectively; EOG ROC/A1 and 

EOG LOC/A2 = right and left oculogram, respectively; 

EMG Chin | submental electromyogram; EMG Dia .= diaphragm 




. ■ : ■ ■ - ■ . : . . . ... ■ ........ ......... 

ECG = electrocardiogram; Airflow .= airway pressure measured 
from nasal prongs; Respitrace Rib and Respitrace Ab(1 = thoracic and 

abdominal movements, respectively; Sa0 2 = arterial 

oxyhaemoglobin saturation (%). -Inspiration is an upward deflection 
on the airflow and Respitrace signals. Note that there is a cessation 
of airflow accompanied by continued deflections from the 

^ i | rpi * 4- J '4-U J 

Respitrace channels. The apnoeas are associated with decreases m 
Sa0 2 to approximately 75% and are terminated by brief arousals. 



SLEEP APNOEA IN INFANTS 

During the first year of life, marked changes and development of the cardiorespiratory system occur in 
infants due to growth and maturation of the central nervous system.— Sleep apnoea is commonly 
recorded in infants; it is usually central in nature and is considered to be a normal manifestation of the 
immature central nervous system. Periodic breathing-that is, episodes of repetitive central apnoea-is 
also a common pattern of apnoea recorded in infants. Central sleep apnoea and periodic breathing during 
non-REM and REM sleep occur most frequently during the neonatal period and decrease in frequency 
during the first 6-12 months of life.^ 1 ^ 

OSA has been thought to be rare in infants and few data exist on the occurrence of OSA in normal 
infants. Upper airway obstruction has been hypothesised to occur in association with craniofacial 
abnormalities-for example, Pierre Robin sequence,— apnoea of prematurity,— and apparent life 
threatening events (ALTE).— OSA has also been implicated in the mechanisms of the sudden infant 
death syndrome (SEDS). 2 ^! The mechanisms of airway obstruction in infants are not certain. In preterm 
infants it has been suggested that airway closure is caused by decreased upper airway muscle tone.— 
Endoscopic examination of the upper airway during obstructive apnoea in infants with ALTE has shown 
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that obstruction occurs at the level of the larynx,— similar to that observed in adults.- 

The occurrence of obstructive and central sleep apnoea in some infants has been shown to change during 
the first year of life (fig 2). In a group of infants with OS A who had either experienced an ALTE or had a 
family history of SIDS it was found that OSA peaked in severity at approximately two months of age and 
subsequently improved and resolved with age.— Their apnoea was dominated by periodic breathing 
involving predominantly mixed apnoea, a pattern not unlike the repetitive obstructive apnoeas recorded 
in adults. This supports the speculation that OSA in paediatric patients is a precursor for adult OSA. 
Although the apnoea resolved with development, it is possible that infants with this pattern of apnoea 
during the first year of life may be predisposed to upper airway obstruction and may therefore be likely 
to develop OSA later in life. 



Figure 2 Polygraphic example of central and. obstructive apnoeas 
in an infant aged two months. Abbreviations as for fig L Note that 
there are repeated short apnoeas (< 10 seconds in length) that are 
mixed or central in nature. Also note that the first mixed apnoea is 
terminated with abrief EEG arousal while the other apnoeas are 
terminated without any changes in the EEG. 



— -* -~ 1 
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SIDS, ALTE AND ITS ASSOCIATION WITH OSA 

It has been suggested that SIDS, ALTE, and OSA in infants have similar pathophysiological 
mechanisms and recently these have been linked to the adult OSA syndrome.^ 1 ^ Obstructive and 
central apnoea has been recorded during sleep in infants who have experienced an ALTE.— — — In 
addition, several studies have reported obstructive events during sleep in infants who subsequently 
became victims of SIDS.^ 1 ^- Guilleminault et were the first to document obstructive apnoea in an 
infant with laryngomalacia who subsequently died of SIDS. Kahn et al— and later Schliiter et al— found 
that infants who subsequently died of SIDS had obstructive events more commonly recorded on a 
previous polysomnography study than matched controls or infants who died from other known causes. 
These findings have suggested that upper airway obstruction is probably involved in the mechanisms of 
SIDS and ALTE. 

More recently Rees et al~ have presented further evidence that infantile OSA, SIDS, and the adult OSA 
syndrome are related. These investigators found differences in the facial structure of infants who died of 
SIDS compared with control infants. The anatomical features found in the SIDS cases-namely, a 
retrognathic facial structure-would predispose these infants to narrowing and occlusion of their upper 
airways. This anatomical feature is similar to that found in many patients with the adult OSA syndrome. 
Facial structure is believed to be, at least in part, genetically inherited and it is likely that a predisposition 
to develop OSA either in childhood or adulthood has been determined prenatally. 

OSA IN CHILDREN 

Upper airway obstruction has been recorded in children and, although no population studies have been 
performed, it is now considered to be a common problem.— Polygraphic studies performed in children 
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with symptoms of OS A have shown that many children with clinically significant upper airway 
obstruction have a pattern of continuous partial obstruction (fig 3) rather than the repetitive complete 
obstructive apnoea seen in adults with OS AA ^ It has been speculated that partial upper airway 
obstruction in children is a precursor to the adult form of OS A. A potential explanation for the difference 
in the pattern of obstruction between children and adults could be the recruitment of accessory 
respiratory muscles that occurs more often in children. Airway maintaining and expiratory muscles are 
frequently recruited during loaded breathing and partial obstruction in children^ 42 and it is possible that 
this reflex muscle recruitment diminishes with age and disease progression. 
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Figure 3 Polygraphic example of repetitive episodes of partial 
obstruction in a four year old boy. Abbreviations as for fig I. Note 
that there are repetitive hypopnoeas and an obstructive apnoea that 
are associated with paradoxical thoracic and abdominal respiratory 
movements and the inspiratory phase of the airflow shows a typical 
pattern of airway limitation. 



The association between childhood and infantile OSA is not certain; however, Guilleminault and 
colleagues— — have reported the development of OSA from infancy to childhood. In a group of children 
who were first diagnosed with apnoea following an ALTE during the first four months of life, more 
florid symptoms of obstruction developed and they were diagnosed with OSA by five years of age. These 
reports suggest that the onset of obstructive sleep apnoea may occur very early in life. 



Symptoms and consequences of OSA 
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The clinical symptoms and consequences of OSA vary between 
infants, children, and adults. In adults, regardless of when the 
diagnosis of OSA was confirmed, the onset of symptoms can often be 
traced back to adolescence or childhood. In adults the most common 
symptom includes daytime hypersomnolence which is believed to be 
caused by the sleep fragmentation associated with the repeated 
obstruction.— — In contrast, excessive daytime sleepiness is not 

frequent in children who have OSA.- Behavioural problems such as hyperactivity and aggressiveness 
have been reported, and learning problems in school aged children can occur ~ — — In infants the effect 
of OSA on daytime behaviour is difficult to measure; however, in infants whose OSA was treated with 
nasal continuous positive airway pressure (CPAP) parents reported a change in the infants' alertness 
during wakefulness following treatment— 

OSA in adults is associated with repetitive arousals from sleep, terminating the obstructive event and 
resulting in sleep fragmentation.- — However, the majority of apnoeas recorded in infants and children 
are resolved without any change in the EEG pattern.^ The association of apnoea with arousal is age 
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related; a higher percentage of apnoeas are terminated with an arousal as age increases, suggesting a 
relationship between change with development of OSA and arousal between infants, children, and adults. 
It has been suggested that subcortical arousals maybe important in infants and children.— — Recently, 
however, it was found that termination of obstructive apnoea in adults, as in children, did not always 
occur with an EEG arousal and was sometimes accompanied by subcortical responses in the absence of 
an EEG arousal.^ 

The sleep disturbances in patients with OSA have significant effects on sleep architecture. In infants 
OSA is associated with shortened episodes of REM sleep and an overall decrease in the amount of REM 
sleep.— In contrast, in children OSA is associated with a decrease in slow wave sleep— and in adults a 
deficit of REM sleep and slow wave sleep have been associated with OSA.— When sleep apnoea is 
prevented by CPAP treatment or resolved with development, the sleep disturbances are at least partly 
reversed.^ 

Snoring during sleep is another predominant symptom in adults with OSA.— — — Snoring is also a 
common feature in children with OSA^ Z 42 b ut has rarely been reported to be associated with OSA in 
infants. However, Kahn et al— recorded snoring and noisy breathing in infants with obstructive apnoeas 
during sleep. The snoring in their study is possibly equivalent to the intermittent noisy or laborious 
breathing that has been described by other investigators.^ ^2 41 In addition to snoring, other symptoms 
that were apparent in infants with abnormal breathing during sleep included breath holding spells, 
fatigue during feeding, and profuse sweating during sleep.— OSA symptoms in children reported by 
parents include sweating, restlessness during sleep, frequent awakenings and, in some cases, nocturnal 
enuresis.- — — 

More recently the focus of OSA has been on the cardiovascular consequences, in particular the effect of 
obstructive apnoea on blood pressure responses. OSA in adults is associated with an increased frequency 
of systemic hypertension.— — Pulmonary hypertension has been recorded in children with OSA but 
systemic hypertension secondary to OSA is thought to be uncommon in children.- This could indicate 
that the haemodynamic effects of OSA are the result of a prolonged disease or that they were not 
recognised in children. Recently, however, OSA in children was found to be associated with an increased 
diastolic blood pressure and the increase in blood pressure could be predicted by the apnoea index and 
body mass index.- 



► Risk factors for OSA 

Obesity is reported in a high proportion of adult patients with 
OSA— — but is not always found in paediatric patients with OSA, 
with varying prevalences of OSA being reported in obese 
children.— — A high prevalence of OSA has been recorded in 
overweight infants in the absence of clinical symptoms.— In infants 
and young children, however, failure to thrive is commonly associated 
with OSA^ and relief of the OSA by surgery or CPAP treatment often results in "catch up" 
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In adults the incidence of OSA increases with age and is more common in men. Approximately 9% and 
4% of middle aged men and women, respectively, are reported to have OSA.— In children the 
prevalence of OSA has been studied in children up to six years of age using overnight video recording 
and oximetry and questionnaires. Approximately 1% of children of pre-school age are believed to have 
OSA^ and there is conflicting evidence about its sex distribution. Carroll and Loughlin^ reported that 
there was no sex difference in children with OSA; however, Marcus et afi- found that OSA was more 
common in boys. There are no reliable data on the prevalence of OSA or any sex differences during 
infancy. In SIDS victims, however, there is a male predominance with approximately 60% of cases being 
boys.^ 

Other less common risk factors may vary among the different patient groups. Structural malformation of 
the brainstem that occurs in myelomeningocele, for example, is associated with obstructive and central 
apnoea.— Respiratory infections and allergic rhinitis can exacerbate and induce obstructive apnoeas in 
children and adult patients.— — In infants a viral respiratory infection such as respiratory syncytial virus 
can cause life threatening obstructive apnoea.— These findings suggest that increased nasal resistance 
and airway inflammation may be involved in the pathogenesis of OSA in all patients. 



► Structural abnormalities and OSA 

Potential causes of OSA include anatomical abnormalities of the face 
and upper airway. The anatomical features may involve the bone or 
the mucosa and soft tissue development and structure. Some 
investigators have suggested that the existence of any anatomical 
features leading to a narrow upper airway may favour the development 
of sleep disordered breathing from early infancy to adulthood.— 

OSA is common in infants and children who have anatomical abnormalities involving the face, 
mandible, and the size of the upper airway. These abnormalities include laryngomalacia; mid face 
hypoplasia that occurs, for example, with Down's syndrome; or the micrognathia, cleft palate, and 
macroglossia that occurs in the Pierre Robin sequence.— — The obstruction in these infants and children 
is often relieved by surgery to correct the site of obstruction; however, follow up of these patients to 
ensure that OSA does not return with age has been limited. 

Adenotonsillar hypertrophy is frequently assumed to be the predominant cause of childhood OSA, and 
removal of the tonsils and adenoids usually results in relief of obstructive symptoms.- — — — Some 
children, however, continue to have residual OSA following adenotonsillectomy.— In addition, the 
severity of the OSA before surgery is not always proportional to the size of the tonsils and adenoids.— — 
These findings suggest that other factors such as abnormal ventilatory drive, mechanical abnormalities, 
and other anatomical abnormalities of the upper airway may be involved in the mechanisms of OSA. In 
reality the size of the tonsils and adenoids is rarely the primary problem. The severity of OSA has been 
reported to be inversely related to the size of the posterior airway—; other investigators have shown that 
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children with OSA have a more collapsible upper airway than age matched controls— and similar 
findings have been reported in adults.— 

A prospective cohort investigation of prepubertal children with OSA found that the symptoms resolved 
2-4 months after tonsillectomy but that apnoeas during sleep recurred years later at puberty.— 
Cephalometric radiography indicated a reduced posterior airway space in these children. The upper 
airway and craniofacial anatomy are influenced by genetic factors and the development of OSA may be 
predetermined from childhood. Evaluation of upper airway and craniofacial morphology in children with 
OSA may identify patients at risk of persisting or recurring symptoms later in life. It is possible that OSA 
originates from prenatal factors that will lead to a development of OSA at various stages throughout life. 

► Familial OSA syndrome 

There is significant evidence that familial factors influence the risk of 
developing upper airway obstruction in both paediatric and adult 
patients. OSA in adults has been shown to aggregate significantly 
within some families.^ 2M2 xhe familial occurrence of OSA was 
first described by Strohl et al— who reported OSA in several members 
of one family. In addition, an infant of this family had died of SIDS 
and it was speculated that SIDS may have been related to the familial 
OSA. Family studies have shown that relatives of patients with OSA have a 2-4 fold increased risk of 
developing OSA compared with controls.— It has been suggested that members of such families are 
predisposed to developing upper airway obstruction due to genetic risk factors including obesity, 
craniofacial morphology, and an abnormality of ventilatory and respiratory muscle control.— — — In 
some families subtle craniofacial anatomical abnormalities have been detected and differences in the 
ventilatory responses to hypoxia and hypercapnia have been found when compared with controls. 

More recently a co-aggregation of familial OSA with SIDS and ALTE in infants was identified within 
families.— — Tishler and colleagues— found that 10 of 91 families with OSA studied had at least one 
case of sudden unexpected infant death or ALTE, whereas there were no such cases in control families 
with no OSA. Similarly, Mathur and Douglas— reported, from a mailed questionnaire, that SIDS 
occurred more commonly in families that had members with OSA than in control families. It has 
previously been shown that ALTE and SIDS aggregates within some families, and abnormalities in the 
sleep and breathing patterns of these infants have been recorded.— Guilleminault et al— presented five 
families with at least two cases of SIDS and/or ALTE and adult OSA among their family members. It 
was found that infants in these families had OSA which persisted into childhood. A small airway was a 
common feature in the members of these families. Recently we have examined the incidence of OSA in 
infants who have multiple cases of SIDS, ALTE, and/or adult OSA among family members.— We found 
that the majority of infants who had a family history of multiple cases of SIDS, ALTE and/or adult OSA 
had OSA recorded during infancy, whereas only about one third of infants with a single case of SIDS or 
ALTE within their family and no OSA in adult family members had OSA. We hypothesised that these 
infants were possibly genetically predisposed to develop OSA. It is therefore possible that these infants 
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will be predisposed to developing OSA later in life. 

An abnormal central ventilatory control as well as craniofacial morphology have been proposed as risk 
factors for familial OSA, and these features are believed to be at least partly genetically determined.— 
Pillar et afi& showed that healthy offspring of patients with OSA were more likely to collapse their 
airway with loaded breathing than normal controls. Redline et afi^ showed that ventilatory 
responsiveness to hypoxia and hypercapnia was depressed in family members of OSA patients. In 
addition, a depressed response to hypoxia has been recorded in the siblings of infants with SDDS^ and 
also in the parents of SEDS victims.— 

There is significant evidence that familial factors probably influence the risk of developing OSA in 
adulthood. Adult physicians and paediatricians should consider looking for the presence of OSA 
symptoms in relatives of their patients. Information from these patients will provide a better 
understanding of the development of OSA, may identify patients with familial features who are at risk of 
developing the OSA syndrome, and could prevent OSA and its consequences in some cases.^24 



Conclusions and future research 
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Infantile and childhood OSA is probably related to the adult OSA 
syndrome and the possibility of developing OSA during adulthood 
might be predicted during childhood. The anatomical abnormalities 
that predispose an individual to OSA are similar across the age 
groups. The findings of the familial OSA syndrome and its association 
with SIDS, ALTE and infantile OSA suggest further that adult OSA 
may be predetermined during infancy or childhood. There is little 

evidence, however, that adults with OSA had sleep disordered breathing during infancy and/or 
childhood. Continued contact with the infants that we have studied during the next several years may 
document the development of OSA in children and adults. In addition, population studies in infants and 
children are necessary to determine the prevalence and extent of the disease in the paediatric population. 
Although some investigators believe the OSA syndromes in infants, children and adults could be viewed 
as three separate syndromes, we believe that they represent different developmental stages in the 
progression of OSA from infancy to adulthood. 



► References 

^ Top 

^ Introduction 

a The sleep apnoea syndromes 

^ Symptoms and consequences of... 

^ Risk factors for OSA 

^ Structural abnormalities and... 

^ Familial OSA syndrome 

^ Conclusions and future research 

. References 



Thorax - McNamara and Sullivan 55 (1 1): 964 



http://thorax.bmjjournals.conVcgi/content/full/55/ll 



1 . Remmers JE, DeGroot WJ, Sauerland EK, et al. Pathogenesis of upper airway occlusion during 
sleep. J Appl Physiol 1 978:44:93 l-938 [Free Full Text] . 

2. Brouillette RT, Fernback SK, Hunt CE. Obstructive sleep apnea in infants and children. J Pediatr 
1 982:100:3 l-40 [Medline1 . 

3. Guilleminault C, Eldridge F, Simmons F, et al Sleep apnea in eight children. Pediatrics 
1976:58:23-31 TAbstractl . 

4. Rosen CL, D'Andrea L, Haddad GG. Adult criteria for obstructive sleep apnea do not identify 
children with serious obstruction. Am Rev Respir Dis 1992:1 46:1231-1234 [Medlinel . 

5. Carroll JL, Loughlin GM. Diagnosis criteria for obstructive sleep apnea syndrome in children. 
Pediatr Pulmonol 1 992:14:71 -74 [Medline1 . 

6. Marcus CL, Omlin KG, Basinki DJ, et al. Normal polysomnographic values for children and 
adolescents. Am Rev Respir Dis 1992:146:1 235- 1239 [Medlinel . 

7. American Thoracic Society. Standards and indication for cardiopulmonary sleep studies in children. 
Am J Respir Crit Care Med 1996:1 53: 866-878 [Medlinel . 

8. Guilleminault C, Heldt G, Powell N, et al Small upper airway in near-miss sudden infant death 
syndrome infants and their families. Lancet 1986;i:402-407. 

9. Marcus CL, Greene MG, Carroll JL. Blood pressure in children with obstructive sleep apnea. Am J 
Respir Crit Care Med 1998;157:1098-1 1 03 r Abstract/Free Full Textl . 

10. Kahn A, Groswasser J, Sottiaux M, et al. Clinical symptoms associated with brief obstructive sleep 
apnea in normal infants. Sleep 1993: 1 6:409-4 1 3 fMedlinel . 

11. Strohl KP, Redline S. Recognition of obstructive sleep apnea. Am J Respir Crit Care Med 
1996:154:279-289 rMedlinel . 

12. Gastaut H, Tassinari CA, Duron B. Polygraphic study of the episodic diurnal and nocturnal (hypnic 
and respiratory) manifestations of the pickwickian syndrome. Brain Res 1966;2:167-186. 

13. Sullivan CE, IssaFG. Obstructive sleep apnea. Clin Chest Med 1985:6:633-650 rMedline"| . 

14. Young T, Palta M, Dempsey J, et al. The occurrence of sleep disordered breathing among 
middle-aged adults. N EnglJ Med 1993:328: 123 0-1 23 5 [Abstract/Free Full Textl 

15. Hla KM, Young TB, Bidwell T, et al. Sleep apnea and hypertension: a population-based study. Ann 
Intern Med 1994:120:382-388 rMedlinel . 

16. Redline S, Young T. Epidemiology and natural history of obstructive sleep apnea. Ear Nose Throat 
J 1993:72:20-26 rMedline1 . 

17. Dealberto M-J, Ferber C, Garma L, et al Factors related to sleep apnea syndrome in sleep clinic 
patients. Chest 1 994: 1 05 : 1753- 175 8 F Abstract! . 

18. Redline S, Kump K, Tishler PV, et al Gender differences in sleep disordered breathing in a 
community-based sample. Am J Respir Crit Care Med 1994:149:722-726 [Abstract1 . 

19. Redline S, Tishler PV, Tosteson TD, et al The familial aggregation of obstructive sleep apnea. Am 
J Respir Crit Care Med 1995:1 51 :682-687 [Abstract! . 

20. Gaultier C. Respiration during sleep during growth: physiology and pathology. Bull Eur 
Physiopathol Respir 1985:21:55-112 rMedlinel . 

21. Hoppenbrouwers T, Hodgman JE, Harper RM, et al Polygraphic studies of normal infants during 
the first six months of life: HI. Incidence of apnea and periodic breathing. Pediatrics 
1977:60:418-425 rAbstract1 . 

22. Schafer T, Schafer D, Schlafke ME. Breathing, transcutaneous blood gases, and C0 2 response in 
SIDS siblings and control infants during sleep. J Appl Physiol 1 993 ;74: 8 8- 1 02 f Ab stractl . 

23. Flores-Guevara R, Plouin P, Curzi-Dascolova L, et al. Sleep apnea in normal neonates and infants 
during the first 3 months of life. Neuropediatrics 1982:13(Suppn:21-28 [Medlinel 



Thorax -- McNamara and Sullivan 55 (1 1): 964 



http://thorax.bmjjournals.corn/cgi/content/full/55/ll 



24. Kelly DH, Stellwagen LM, Kaitz E, et al. Apnea and periodic breathing in normal full-term infants 
during the first twelve months. Pediatr Pulmonol 1985;1:215-219 [Medline] . 

25. Richards JM, Alexander JR, Shinebourne EA, et al. Sequential 22-hour profiles of breathing 
patterns and heart rate in 1 10 full-term infants during their first 6 months of life. Pediatrics 
1984:74:763-777 rAbstractl . 

26. Cozzi F, Pierro A. Glossoptosis-apnea syndrome in infancy. Pediatrics 1 985 ;75 : 83 6-843 \ Abstract] . 

27. Miller MJ, Carlo WA, Difore JM, et al. Airway obstruction during periodic breathing in premature 
infants. J Appl Physiol 1988:64:2496-2500 r Abstract/Free Full Textl . 

28. Ruggins NR, Milner AD. Site of upper airway obstruction in infants following an acute 
life-threatening event. Pediatrics 1993:91:595-601 [Abstract] . 

29. Kahn A, Groswasser J, Rebuffat E, et al. Sleep and cardiorespiratory characteristics of infant 
victims of sudden death: a prospective case-control study. Sleep 1992;15:287-292 [Medline] , 

30. Guilleminault C, Ariagno RL, Forno LS, et al. Obstructive sleep apnea and near-miss for SIDS: 
1. Report of an infant with sudden death. Pediatrics 1 979;63 : 83 7-843 [Abstract] . 

31. Schluter B, Buschatz D, Trowitzsch E, et al. Polygraphische schlafuntersuchungen bei spater 
verstorbenen kindern. Monatsschr Kinderheilkd 1996;144:48-55. 

32. Idiong N, Lemke RP, Lin YJ, et al. Airway closure during mixed apneas in preterm infants: is 
respiratory effort necessary? J Pediatr 1988;133:509-512. 

33. McNamara F, Sullivan CE. Evolution of sleep disordered breathing and sleep in infants. J Paediatr 
ChildHealth 1998;34:37-43]lsledIM. 

34. Guilleminault C, Ariagno R, Korobkin R, et al. Mixed and obstructive sleep apnea and near miss 
for sudden infant death syndrome: 2. Comparison of near miss and normal control infants by age. 
Pediatrics 1979:64:882-891 [Abstract! . 

35. Kelly DH, Shannon DC. Periodic breathing in infants with near-miss sudden infant death syndrome. 
Pediatrics 1 979:63 :355-360 [Abstractl . 

36. Guilleminault C, Peraita R, Souquet M, et al. Apneas during sleep in infants: possible relationship 
with sudden infant death syndrome. Science 1975:190:677 fMedlinel . 

37. Tonkin S. Sudden infant death syndrome: hypothesis of causation. Pediatrics 
1975:55:650-661 r Abstract] . 

38. Rees K, Wright A, Keeling JW, et al. Facial structure in the sudden infant death syndrome: 
case-control study. BMJ 1998:317:179-180 rFree Full Textl . 

39. Greene MG, Carroll JL. Consequences of sleep-disordered breathing in childhood. Curr Opin Pulm 
Med 1997:3:456-463 rMedlinel . 

40. Guilleminault C, Winkle R, Korobkin R, et al. Children and nocturnal snoring: evaluation of the 
effects of sleep related respiratory resistive load and daytime functioning. Eur J Pediatr 
1982:139:165-17 UMedlinel . 

41. Praud JP, D'Allest AM, Nedelcoux H, et al. Sleep-related abdominal muscle behavior during partial 
or complete obstructed breathing in prepubertal children. Pediatr Res 1989;26:347-350 rAbstractl . 

42. Jeffries B, Brouillette RT, Hunt CE. Electromyographic study of some accessory muscles of 
respiration in children with obstructive sleep apnea. Am Rev Respir Dis 
1984:129:696-702 [Medline1 . 

43. Guilleminault C, Souquet M, Ariagno RL, et al. Five cases of near-miss sudden infant death 
syndrome and development of obstructive sleep apnea syndrome. Pediatrics 
1984:73:71-78 [Abstract] . 

44. Guilleminault C, Stoohs R. From apnea of infancy to obstructive sleep apnea syndrome in the 
young infant. Chest 1 992:1 02 : 1 065- 1 07 1 [Abstract] . 

45. Whyte KF, Allen MB, Jeffrey AA, et al. Clinical features of the sleep apnea apnoea/hypopnoea 



Thorax - McNamara and Sullivan 55 (1 1): 964 



http://thorax.bmjjournals.corn/cgi/content/full/5 5/ 1 1 



syndrome. QJMed 1 989:72 :659-666 fMedline1 . 

46. Frank Y, Kravath RE, Pollak CP, et al Obstructive sleep apnea and its therapy: clinical and 
polysomnography manifestations. Pediatrics 1983:71 : 73 7-742 [Abstract] . 

47. Guilleminault C, Korobkin R, Winkle R. A review of 50 children with obstructive sleep apnea 
syndrome. Lung 1981:159:275-287 [Medline1 , 

48. McNamara F, Harris M, Sullivan CE. Effects of nasal continuous positive airway pressure on 
apnoea index and sleep in infants. J Paediatr Child Health 1 995 ;3 1 : 8 8 -94 [Medline] . 

49. McNamara F, Issa FG, Sullivan CE. Arousal pattern following central and obstructive breathing 
abnormalities in infants and children. JAppl Physiol 1996: 8 1:265 1-2657 1 Abstract/Free Full Text] . 

50. Mograss MA, Ducharme FM, Brouillette RT. Movement/arousals, description, classification, and 
relationship to sleep apnea in children. Am JRespir Crit Care Med 1 994: 1 50 : 1 690- 1 696 [Abstract] . 

5 1 . Lijowska AS, Reed NW, Mertins Chiodini BA, et al Sequential arousal and airway defensive 
behavior of infants in asphyxial sleep environments. JAppl Physiol 

1 997;83:2 1 9-228 \ Abstract/Free Full Text] . 

52. Rees K, Spence DPS, Earis JE, et al. Arousal responses from apneic events during non-rapid eye 
movement sleep. Am JRespir Crit Care Med 1 995:152: 101 6- 1021 [Abstract] . 

53. Issa FG, Sullivan CE. The immediate effects of nasal continuous airway pressure treatment on sleep 
pattern in patients with obstructive sleep apnea syndrome. Electroencephalogr Clin Neurophysiol 

1 986:63 :10-17 rMedline1 . 

54. McNamara F, Sullivan CE. Obstructive sleep apnea in infants and its management with nasal 
CPAP. Chest, 2000 (in press). 

55. Lugaresi E, Cirignotta F, Geraldi R, et al. Snoring and sleep apnea: natural history of heavy snorers 
diseasse. In: Guilleminault C, Partinen M, eds. Obstructive sleep apnea syndrome: clinical research 
and treatment New York: Raven Press, 1990;25-36. 

56. Weider DJ, Hauri PJ. Nocturnal enuresis in children with upper airway obstruction. Int J Pediatr 
Otorhinolaryngol 1985:9: 173-1 82 rMedline1 . 

57. Levinson PD, Millman RP. Causes and consequences of blood pressure alterations in obstructive 
sleep apnea. Arch Intern Med 1991: 151 :45 5-462 [Abstract] . 

58. Millman RP, Redline S, Carlisle CC, et al. Daytime hypertension in sleep apnea/hypopnea 
syndrome: prevalence and contributing risk factors. Chest 1991:99: 86 l-866 [Abstract] . 

59. Levinson PD, McGarvey ST, Carlisle CC, et al. Adiposity and cardiovascular risk factors in men 
with obstructive sleep apnea. Chest 1993:103:1 336- 1342 1 Abstract] . 

60. Mallory GB, Fiser DH, Jackson R. Sleep-associated breathing disorders in morbidly obese children 
and adolescents. J Pediatr 1989:1 15: 892-897 [Medline] . 

61 . Silvestri JM, Weese-Mayer DE, Bass MT, et al. Polysomnography in obese children with a history 
of sleep-associated breathing disorders. Pediatr Pulmonol 1 993 : 1 6 : 1 24- 1 29 [Medline] . 

62. Kahn A, Mozin MJ, Rebuffat E, et al. Sleep pattern alteration and brief airway obstruction in 
overweight infants. Sleep 1989:12:430-438 rMedline] . 

63. Everett A, Kock W, Saulsbury F. Failure to thrive due to obstructive sleep apnea. Clin Pediatr 
1987:26:90-92 rMedline1 . 

64. Ryan CF, Lowe AA, Fleetham JA. Nasal continuous positive airway pressure (CPAP) therapy for 
obstructive sleep apnea in Hallerman-Streiff syndrome. Clin Pediatr 1 990:29: 1 22- 1 24 [Medline] . 

65. Mitchell EA, Stewart AW. Gender and the sudden infant death syndrome. New Zealand Cot Death 
Study Group. Acta Paediatr 1 997:86: 854-856 [Medline] . 

66. Waters KA, Forbes P, Morielli A, et al. Sleep-disordered breathing in children with 
myelomeningocele. J Pediatr 1 998 : 1 32 :672-68 1 [Medline] . 

67. McNicholas WT, Tarlo S, Cole P, et al. Obstructive apneas during sleep in patients with seasonal 



Thorax - McNamara and Sullivan 55 (1 1): 964 



http ://thorax.bmjjoumals . conVcgi/content/full/5 5/ 1 1 



allergic rhinitis. Am Rev Respir Dis 1982:126:625-628 [Medline] . 

68. McNamara F, Sullivan CE. Nasal CPAP treatment in an infant with respiratory syncytial 
virus-associated apnea. Pediatr Pulmonol 1 997:24:2 1 8-22 1 [Medlinel . 

69. Schafer ME. Upper airway obstruction and sleep disorders in children with craniofacial anomalies. 
Clin Plast Surg 1982:9:555-567 [Medlinel . 

70. Handler SD. Upper airway obstruction in craniofacial anomalies: diagnosis and management. Birth 
Defects 1985:21: 15-31 [Medlinel . 

71. Jeans WD, Fernando DC, Maw AR, et al. A longitudinal study of the growth of the nasopharynx 
and its contents in normal children. Br J Radiol 1981 :54:1 17-121 [Abstract] . 

72. Guilleminault C. Obstructive sleep apnea syndrome and its treatment in children: areas of 
agreement and controversy. Pediatr Pulmonol 1987:3:429-436 [Medlinel . 

73. Ahlquist-Rastad J, Hultcrant Z, Svanholm H. Children with tonsillar obstruction: indications for 
and efficacy of tonsillectomy. Acta Paediatr Scand 1988:77:831-835 fMedlinel . 

74. Croft CB, Brockbank MJ, Wright A, et al. Obstructive sleep apnea in children undergoing routine 
tonsillectomy and adenoidectomy. Clin Otolaryngol i 990: 1 5:307-3 1 4 [Medlinel . 

75. Marcus CL, McColley SA, Carroll JL, et al. Upper airway collapsibility in children with the 
obstructive sleep apnea syndrome. J Appl Physiol 1 994:77:9 18-924 f Abstract/Free Full Textl . 

76. Morrisson DL, Launois SH, Isono S, et al. Pharyngeal narrowing and closing pressures in patients 
with obstructive sleep apnea. Am Rev Respir Dis 1993;148:606-61 1 [Medlinel . 

77. Guilleminault C, Partinen M, Praud JP, et al. Morphometric facial changes and obstructive sleep 
apnea in adolescents. J Pediatr 1989:114:997-999 [Medline1 . 

78. Strohl KP, Saunders NA, Feldman NT, et al. Obstructive sleep apnea in family members. N Engl J 
Med 1978:299:969-973 [Abstracfl . 

79. Guilleminault C, Partinen M, Hollman K, et al. Familial aggregates in obstructive sleep apnea 
syndrome. Chest 1 995 : 1 07 : 1 545- 1 55 1 [ Abstractl . 

80. El Bayadi S, Millman RP, Tishler PV, et al. Family study of sleep apnea, anatomic and physiologic 
interactions. Chest 1990:98: 5 54-5 59 [Abstract1 . 

81. Pillar G, Lavie P. Assessment of the role of inheritance in sleep apnea syndrome. Am J Respir Crit 
Care Med 1995:151:688-691 [Abstractl . 

82. Mathur R, Douglas NJ. Family studies in patients with the sleep apnoea/hypopnoea syndrome. Ann 
Intern Med 1995: 122: 174- 178 [Medlinel . 

83. Redline S, Tishler PV. Familial influences on sleep apnea. In: Saunders NA, Sullivan CE, eds. 
Sleep and breathing., 2nd ed. New York: Marcel Dekker, 1994;363-377. 

84. Tishler PV, Redline S, Ferrette V, et al. The association of sudden unexpected infant death with 
obstructive sleep apnea. Am J Respir Crit Care Med 1 996:1 53 : 1 85 7- 1 863 [Abstractl . 

85. Mathur R, Douglas NJ. Relation between sudden infant death syndrome and adult sleep 
apnea/hypopnoea syndrome. Lancet 1 994:344:8 19-820 [Medlinel . 

86. Oren J, Kelly D, Shannon DC. Familial occurrence of sudden infant death syndrome and apnea of 
infancy. Pediatrics 1987:80:355-358 [Abstractl . 

87. Guilleminault C, Heldt G, Powell N, et al Small upper airway in near-miss sudden infant death 
syndrome infants and their families. Lancet 1986;i:402-407. 

88. McNamara F, Sullivan CE. Obstructive sleep apnea in infants: relation to family history of sudden 
infant death syndrome, apparent life-threatening events, and obstructive sleep apnea. J Pediatr 
2000;136:3 1 8-323 rMedlinel . 

89. Redline S, Tosteson T, Tishler PV, et al. Studies of genetics of obstructive sleep apnea: familial 
aggregation of symptoms associated with sleep-related breathing disturbances. Am Rev Respir Dis 
1992:145:440-444 [Medlinel . 



ThorajB- McNamara and Sullivan 55 (1 1): 964 



http://thorax.bmjjoumaIs.conVcgi/content/full/55/ll 



90. Pillar G, Schnall RP, Peled N, et al Impaired respiratory response to resistive loading during sleep 
in healthy offspring of patients with obstructive sleep apnea. Am J Respir Crit Care Med 

1 997; 1 55 : 1 602- 1 608 [ Abstract] . 

91. Redline S, Leitner J, Arnold J, et al Ventilatory-control abnormalities in familial sleep apnea. Am J 
Respir Crit Care Med 1997:1 56:1 55- 160 [ Abstract/Free Full Text] . 

92. Brady JP, McCann EM. Control of ventilation in subsequent siblings of victims of sudden infant 
death syndrome. JPediatr 1 985: 106:21 2-2 n fMedlinel . 

93. Schiffman PL, Westlake RE, Santiago TV, et al. Ventilatory control in parents of victims of sudden 
infant death syndrome. N EnglJ Med 1980:302:486-491 [Abstract] . 

94. Guilleminault C, Quera-Salva M. Is obstructive sleep apnea preventable? Eur Respir J 
1990;3:S539-S541 

Series Editors: P Sly, S Stick 



© 2000 by Thorax 



This article has been cited by other articles: 




Archives of uisiease in Childhood 



C Tasker, J H Crosby, and J R Stradling 
Evidence for persistence of upper airway 
narrowing during sleep, 12 years after 
adenotonsillectomy 

Arch. Dis. Child., January 1, 2002; 86(1): 34 - 

37> ti mm 

fAbstractl fFull Text] [PDF1 

< , _ w , ^ 




► Reprint (PDF) Version of this Article 

► Citation Map 

► Email this link to a friend 

► eLetters: Submit a response to this article 

► Similar articles found in: 
Thorax Online 
PubMed 

► PubMed Citation 

► This Article has been cited by: 

► Search PubMed for articles by: 

McNamara, F j| Sullivan, C E 

► Alert me when: 

new articles cite this article 

► Download to Citation Manager 

► Collections under which this article appears: 

Sleep Apnea 
Other Pediatrics 



HOME HELPlFEEDBACK SUBSCRIPTIONS ARCHIVE SEARCHlTABLE OF CONTENTS 



